Borderline hypertensive rats (BHR) have been used extensively to study the interaction of environmental factors, genetics, and blood pressure. BHR are the first-generation progeny of a cross between spontaneously hypertensive rats (SHR) and control Wistar-Kyoto rats (WKR). The resting systolic blood pressure in BHR remains within the normotensive range throughout its lifetime. Interestingly, the genotype of BHR makes them particularly sensitive to the influence of environmental factors.
The physiological significance of the roles of GABA A in the mediation of stress-related responses is widely known. To abolish the aversive effects of behavioral stress, endogenous benzodiazepine receptor ligands have been proposed to modulate GABA transmission by activating the central-type benzodiazepine receptor (CBR) located in the GABA A receptor complex. Neuroactive steroids, the other candidate for the endogenous modulator in the ligands binding to the GABA A receptor, have been reported to show genetic differences in the behavioral sensitivities of several experimental animals. 2, 3) However, few studies on the stress reactivity of the CNS, especially on GABA A receptors in the BHR, have been done. Therefore, in this study, we assessed the modulatory effects of a neuroactive steroid in association with behavioral stress in BHR.
MATERIALS AND METHODS

Animals
Male WKR and BHR were used. To obtain BHR, breeding pairs of female SHR and male WKR were purchased from SLC (Japan) at 10 weeks of age. Litters were culled to 8 pups at birth and weaned from their mothers at 28 d. Animals were maintained on a 12-h light/dark cycle (lights on at 06:00), housed individually, and given ad libitum access to food and water. Rats were behaviorally stressed or killed in accordance with US guidelines (NIH publication # 85-23, revised in 1985).
Immobilization Stress Male rats, weighing 150-200 g, were subjected to immobilization stress as described by Nappi and Rivest. 4) Briefly, the stress was produced by forcing the rats into immobilizer (Centrap cage, Fischer, Pittsburg, PA, U.S.A.) for 2 h (14:00-16:00) for 2 weeks. The animals were decapitated after termination of immobilization stress.
Receptor-Binding Assay For the measurement of the modulatory effect of pregnanolone on [ 3 H]flunitrazepam binding to the CBR, the cerebral cortex of rats (male, 250-350 g) was removed immediately after decapitation. Tissues were disrupted in 50 volumes of 50 mM Tris-citrate buffer (pH 7.4) and centrifuged at 20000 g for 20 min, and the pellets were resuspended in 50 volumes of 50 mM Tris-citrate buffer (pH 7.4) and recentrifuged. Final pellets were stored for assay at Ϫ70°C after 3-5 washing procedures. The binding of [ 3 H]flunitrazepam (85.0 Ci/mmol, NEN), an agonist of the CBR, to the membranes was assayed using a filtration technique. Each assay comprised triplicate samples containig 0.16 mg of protein suspended in 0.5 ml of 50 mM Triscitrate buffer (pH 7.4) incubated for 60 min at 4°C using 1 nM of radiolabeled drugs. Nonspecific binding was determined in the presence of Ro15-1788 10 mM and represented about 10% of total binding. The assays were terminated by filtration through GF/B filters (Whatman) and three washes with 5 ml of ice-cold buffer using a harvesting apparatus (Brandel M-24R, Brandel Instruments, Gaithersburg, MD, U.S.A.). The radioactivity retained by the filters was measured in a liquid scintillation spectrometer (Wallac 1410, Turku, Finland) using 4 ml of scintillation solution (Packard ]flunitrazepam binding were determined using nonlinear regression analysis (Prism, Graphpad Software, San Diego, CA, U.S.A.). Intergroup comparisions of data were performed using ANOVA (analysis of variance), followed by NeumanKeuls multiple comparision analysis package (Systat Inc., Evanston, IL, U.S.A.).
RESULTS AND DISCUSSION
As shown in Fig. 1 Neuroactive steroids are one of the endogenous substances that positively modulate the GABA A -Cl Ϫ channel receptor complex by increasing the binding affinity of endogenous benzodiazepine receptor agonist to the receptor, in association with behavioral stress. Their selective interaction with a unique binding site on the GABA A receptor complex results in the potentiation of inhibitory neurotransmission in the central nervous system. 5, 6) Specifically, in pregnanolone[5b-pregnan-3a-ol-one]-treated animals, anticonvulsant, anxiolytic, and sedative behavioral effects have been demonstrated. These effects are similar to those exhibited by other endogenous modulators of the GABA A receptor complex such as endogenous benzodiazepine receptor ligands. 7) As shown in Fig. 2, pregnanolone, a vascular and sympathoadrenal responses to stress compared with normotensive WKR control. [8] [9] [10] [11] Consistent with these reports, in our study, BHR showed greater changes in mean arterial pressure after the immobilization, compared with WKR (data not shown). Recently, heightened neuronal activation of immediate early gene mRNA levels in BHR has been suggested, compared with control WKR. 12) Consistent with these reports, in our experiments, BHR showed exaggerated reactivity to stress, particularly in the neuronal activation.
From the above results, it can be concluded that a neuronal modulation to behavioral stress, especially in the GABAergic neurotransmission, is exaggerated in BHR. We would like to propose strain-specific differences of stress reactivity as an important pathogenetic factor in psychosomatic disorders including stress-induced hypertension.
